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(1.a) (1.b) (1.c)
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  (since	
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Every	
  climate	
  model	
  is	
  an	
  approximaDon	
  of	
  the	
  climate	
  system,	
  “endowed”	
  with	
  
inherent	
  sources	
  of	
  errors:	
  i)	
  discreDzaDon	
  errors,	
  ii)	
  context	
  errors	
  (includes	
  IC	
  errors),	
  	
  

	
   	
   	
   	
  iii)	
  scale	
  representaDon	
  errors	
  and	
  iv)	
  process	
  representaDon	
  errors	
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  All	
  models	
  develop	
  biases,	
  i.e.,	
  systema4c	
  differences	
  from	
  observed	
  climate	
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  analyses:	
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  Climate	
  forecast	
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a posteriori correction of model biases [IPO, 2011]. For the near-term climate predictions83

advancements in determining the most suitable initial conditions (IC) and development84

of post-processing bias-reduction methods o↵er substantial potential for improvement of85

model skill and practical applications [refs].86

The mean bias correction replaces the long-term mean of a model variable with the87

long-term mean of OBS at each lead time [Goddard et al., 2013]. Specifically, in this stan-88

dard approach, the par-pair method provides a significant improvement of climate fore-89

casts by using the same years to estimate the observed and model climatologies [Garćıa-90

Serrano and Doblas-Reyes , 2012]. Let’s consider a set of ”raw” model forecastsm
i,l

, where91

i=1,2,..,n
l

are the initial year of predictions. n

l

is the number of forecasts that depends92

on the lead time l (i.e., time elapsed since the start of the forecast) when we calculate93

model bias due to limited time-window of available observations. The corresponding OBS94

over the same period are denoted as o
i,l

. The averages of the forecasts and OBS over all95

the start years are m

l
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respectively, and defines the post-processing adjustment as the following transformation:98
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are the forecast and OBS anomalies, respectively.99
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X - 6 FUČKAR ET AL.: NEW METHOD FOR BIAS ADJUSTMENT

a posteriori correction of model biases [IPO, 2011]. For the near-term climate predictions83

advancements in determining the most suitable initial conditions (IC) and development84

of post-processing bias-reduction methods o↵er substantial potential for improvement of85

model skill and practical applications [refs].86

The mean bias correction replaces the long-term mean of a model variable with the87

long-term mean of OBS at each lead time [Goddard et al., 2013]. Specifically, in this stan-88

dard approach, the par-pair method provides a significant improvement of climate fore-89

casts by using the same years to estimate the observed and model climatologies [Garćıa-90
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Predicted climate response to natural and anthropogenic external forcing in principle100

can not be identical to OBS due to model deficiencies. Some climate models, beside the101

mean bias, also exhibit a substantially di↵erent long-term linear trend than OBS, hence102

they have conditional bias in time, i.e., a persistent forecast drift that is dependent on103

the initial time. To account for this a more general adjustment method than transforma-104

tion (2) assumes a linear behavior of bias with the initial year [Kharin et al., 2012] and105

represents the model forecast and OBS as106
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respectively, where a
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l

⌘ (m, o)
l

� b

(m,o)
l

i are the ordinate-intercepts and b

(m,o)
l

⌘107

cov(i, (m, o)
i,l

)/var(i) are the slope coe�cients of the linear regression. This linear-trend108

bias correction replaces forecasted linear trend with OBS linear trend in time:109
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Such a more versatile post-processing adjustment encompasses the mean bias correction110

as the first order e↵ect, but it can also account for systematic di↵erence in the forecasted111

and observed long-term trend [Fyfe et al., 2011; Kharin et al., 2012].112

Furthermore, dependance of the forecast bias and skill on the state of internal variability113

(most importantly on the ENSO phase and magnitude) was shown in seasonal predictions114

[Goddard and Diley, 2005; one more] and studies of decadal predictability [Collins et115

al., 2006; Branstator and Teng, 2010]. Hence we see the need for a new method for116
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bias correction that should combine the influence of the potential linear trend in model117

bias and sensitivity to the observed state of natural variability (e.g., to incorporate how118

model skill increases during ENSO events with large amplitude) . We propose that the119

assumption of linear dependance of a bias on monthly mean OBS at lead time 0 is the120

simplest possible one to accomplish this and represent the model forecast and OBS as121
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space of monthly OBS. The new bias correction is defined as the following transformation:124
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The new linear method for a-posteriori adjustment of climate forecasts also incorpo-125

rates the mean bias correction as the first order term. In the next section we compare126

performance of these three methods for bias correction of climate forecasts over the mod-127

ern satellite era on OBS initialized hindcasts produced with the EC-Earth2.3 under the128

CMIP5 protocol for decadal predictions.129
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●	
  Bias	
  correc4on	
  method	
  I	
  	
  à	
  	
  MEAN	
  BIAS	
  CORRECTION	
  	
  

●	
  Bias	
  correc4on	
  method	
  II	
  	
  à	
  	
  TREND	
  BIAS	
  CORRECTION	
  	
  

●	
  Bias	
  correc4on	
  method	
  III	
  	
  à	
  	
  IC	
  BIAS	
  CORRECTION	
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Implemented: o(IC)
i

⌘ o

i,0193

Other options:194

o
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⌘ o

i,�1195

o
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i,0 + o

i,�1)/2196

5. Summary and Discussion

(Article text here)197

Acknowledgments. The authors would like to acknowledge funding support for this198

study from the PICA-ICE (CGL2012-31987) project and the SPECS (308378) project and199

the Barcelona Supercomputing Center support for their help.200

* need to use long specification and sources for PICA-ICE and SPECS. Also, expand BSC201

thanks in another sentence with bit more details **202

D R A F T February 3, 2014, 11:52am D R A F T

m	
  is	
  the	
  “raw”	
  forecast,	
  o	
  is	
  obs./reanalysis,	
  
i	
  is	
  the	
  ini9al	
  9me	
  (year),	
  and	
  l	
  is	
  the	
  lead	
  9me	
  

Instantaneous	
  IC	
  too	
  noisy	
  ⇒	
  smoothing	
  in	
  Dme	
  	
  
criDcal	
  for	
  monthly	
  and	
  longer	
  term	
  predicDons	
  	
  

à  more	
  versaDle	
  and	
  more	
  	
  
sensiDve	
  to	
  obs.	
  errors	
  ⇒	
  focus	
  	
  
on	
  validaDon	
  period	
  from	
  1979	
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